Background {#Sec1}
==========

Cardiac rehabilitation (CR) is commonly offered after a cardiac event or coronary intervention. It promotes the affected individual's recovery and adjustment and aims to reduce the likelihood of further cardiac illness and improve prognosis \[[@CR1], [@CR2]\]. Participation in CR is known to impact positively on patient outcomes and reduce subsequent morbidity and mortality \[[@CR3], [@CR4]\]. Comprehensive CR includes a combination of health education, supervised exercise and psychosocial support \[[@CR5]\]. Despite the established benefits of CR, the engagement rates to the CR remain sub-optimal with a recent estimate that only 50% of all eligible patients, on average, participate in the United Kingdom \[[@CR6]\].

A range of physical barriers to CR attendance have previously been identified and extensively investigated \[[@CR3], [@CR7], [@CR8]\]. These include the distance from CR provision, age, gender, ethnicity, pre-existing low levels of physical activity and early return to work following a cardiac event. Relatively less is known about psychosocial factors that impact the outcomes of patients in CR although illness perceptions appear to be an important variable \[[@CR9]\].

Patients' negative illness perceptions can act as a significant barrier to uptake of and adherence to CR \[[@CR5], [@CR10]\]. These perceptions represent an individual's beliefs about their illness and are known to influence coping and response to perceived health threats. Crucially such perceptions may impact subsequent health behaviours and outcomes \[[@CR11]\], a phenomenon previously linked to several long-term conditions following a medical diagnosis \[[@CR12]--[@CR14]\]. Furthermore, illness perceptions may change during CR and over time and this can also impact on future quality of life \[[@CR15]\].

In addition to patients' illness perceptions those of partners and caregivers ought to be carefully considered given their inter-dependence and the possibility that the reaction of caregivers may serve to enhance or impede a patient's adjustment to illness \[[@CR16], [@CR17]\].

Positive caregiver support can help to facilitate recovery and adjustment following an acute cardiac event \[[@CR18]\], and researchers have long advocated the merit of evaluating inter-partner influences over time \[[@CR19], [@CR20]\], but to date most studies have been conducted in cancer care or with older adults \[[@CR21]--[@CR23]\]. Although there have been some cross-sectional dyadic studies in cardiac populations \[[@CR20]--[@CR24]\], there is currently a paucity of longitudinal research examining how caregivers perceive cardiac patients' illness and rehabilitation and how this impacts on both parties at the dyadic level. Thus, simultaneous exploration of patient and caregiver perceptions, informed by the study of patient-caregiver dyads, is both necessary and justified. This approach offers scope to develop an enhanced understanding of inter-partner influences on recovery over time as well as a potential basis for improving patient and caregiver adjustment to cardiac illness. This knowledge can help inform future interventions aimed at supporting patient and caregiver adjustment to cardiac illness and thereby enhance the physical and mental health of both. This study aimed: 1) to assess differences in illness perceptions, beliefs about CR and quality of life between patients with coronary artery disease (CAD) and their family caregivers upon entry to a CR programme and at 6 months follow-up; 2) to examine whether patients' and caregivers' perceptions of the patient's illness and beliefs about CR at baseline predict their own and their partner's quality of life at 6 months.

Method {#Sec2}
======

Study design, setting and sample {#Sec3}
--------------------------------

This was a longitudinal study of patients with CAD and their family caregivers who were followed for 6 months. Data were collected using a convenience sample of patients with CAD attending one hospital-based CR service in one NHS Board in northern Scotland between 2014 and 2015. The number of study subjects was determined by practical considerations; further details on the sample size and response rates are given in the results section. Eligible patients were aged 45 years or over, had a confirmed medical diagnosis of CAD and were on stable doses of cardiac prevention medication. We recruited spouses and partners of patients (hereafter referred to as family caregivers or caregivers) who lived in the same household as the patient and were identified by them as their primary carer. Patients and caregivers were excluded if there were any major co-morbidities such as stroke or cancer, or psychological or communication problems that affect their ability to provide informed consent.

Recruitment and data collection {#Sec4}
-------------------------------

Patients were recruited on their first visit to the CR program. Caregivers were recruited via patients. Study Information and consent forms were distributed by CR specialists following the inclusion and exclusion criteria. After receipt of the signed consent forms, the researcher (PT) posted questionnaire packs to the participant's home address or provided a link to the Bristol on-line survey for completion, depending on their preferred method. The patient-caregiver pair were asked to complete the questionnaires without discussing their answers with each other. Completed questionnaires were returned to the researcher by post or email. A reminder letter was sent after 2 weeks. After 6 months the participants were contacted again to complete the follow-up questionnaires.

Ethical approval {#Sec5}
----------------

This study was approved by the University of Stirling Ethics and Research Committee and the National Research and Ethics Committee (NRES), North of Scotland (Rec ref. 13/NS/0152 (IRAS project ID: 133236). A written consent was obtained from all participants in the study i.e. both patients and caregivers.

Measures {#Sec6}
--------

### Illness perceptions {#Sec7}

Patients' illness perceptions were assessed using the Brief Illness Perception Questionnaire (B-IPQ) \[[@CR25]\], which consists of eight items: consequences (i.e. how much does your illness affect your life?); timeline (i.e. how long do you think your illness will continue?); personal control (i.e. how much control do you feel you have over your illness?); treatment control (i.e. how much do you think your treatment can help your illness?); identity (i.e. how much do you experience symptoms from your illness?); illness concern (i.e. how concerned are you about your illness?); coherence (i.e. how well do you understand your illness?)) and emotional representation (i.e. how much does your illness affect you emotionally e.g. does it make you angry, scared, upset or depressed?). Caregivers' perceptions of the patient's illness were assessed by them answering each question according to their view about their partner's (i.e. the patient's) illness (CAD.) Each item on the B-IPQ is scored from 0 to 10. Increases in item scores represent linear increases in each of the dimension measured \[[@CR25]\], i.e. effect of illness on life, duration of illness, perceived control over illness, perceived efficacy of treatment, symptom experience, level of illness concern, understanding of illness and emotional impact of illness. The cumulative score for items 1--8 gives a score range of 0 to 80. In order to compute the overall score, items 3, 4, and 7 were reverse coded. A higher total score reflects a more threatening (negative) view of the illness \[[@CR25]\]. The B-IPQ also has a causal representation item (item 9), which requires an open-ended response (not reported in this paper). The B-IPQ has shown good validity \[[@CR11], [@CR25]\], in research with cardiac patients \[[@CR26], [@CR27]\], and spouses \[[@CR28]\]. A slight modification was made to the B-IPQ to fit the context relevant to caregivers \[[@CR28]\]. This involved rewording the introduction to indicate to the caregivers how to answer the questions appropriately with respect to the patient's illness and not themselves. Cronbach's alpha for the B-IPQ (total score) was 0.75 for patients and 0.65 for caregivers.

### Beliefs about cardiac rehabilitation {#Sec8}

Patients' and caregivers' beliefs about the patient's CR were assessed using the 13 item Beliefs about Cardiac Rehabilitation Questionnaire (BCR-Q) \[[@CR29]\], a self-administered tool containing four sub-scales: perceived necessity (5 items); concerns about exercise (3 items); practical barriers (3 items); and perceived suitability (2 items). All items were rated on a 5-point Likert scale, from 1 (= strongly disagree) to 5 (= strongly agree), with the exception of one item on the necessity scale, that is 'some aspects of the CR programme are unnecessary for me', which was reversed scored. For each sub-scale, the scores were summed and means obtained for: necessity (range 9--25); concerns about exercise (range 3--15); practical barriers (range 3--15); and perceived suitability (range 2--10). Higher scores by subscale indicate the individual is more likely to agree that CR is necessary; has more concerns about exercise; perceives more practical barriers; and that CR is probably more suitable for a younger, more active person \[[@CR29]\]. The BCR-Q has been shown to be a valid and reliable measure of beliefs about CR \[[@CR29], [@CR30]\]. In this study, a modification was made to the BCR-Q to fit the context relevant to caregivers, which involved rewording the introduction to indicate to them how to answer the questions appropriately with respect to the patient's CR. Cronbach's alpha for the 4 sub-domains of the BCR-Q were 0.68--0.76 for patients and 0.62--0.76 for caregivers.

### Quality of life {#Sec9}

Patients' and caregivers' quality of life was assessed using the Medical Outcomes Short-Form 12 (version 2) Health Survey (SF-12v2) \[[@CR31]\], which is composed of 12 items; which are aggregated into two summary components: the physical component score (PCS) and mental component score (MCS). Rated items reflect what the individual could do functionally, how they felt and how they evaluated their own health status. Quality of life was regarded as a multi-dimensional construct to include subjective evaluation of the individual's physical and mental health and social functioning. The SF-12v2 scores were calculated following the norm-based scoring algorithm, using weights derived from confirmatory factor analysis \[[@CR32]\]. The measure has demonstrated good validity and reliability \[[@CR31], [@CR33], [@CR34]\], and it has been used in studies of cardiac patients \[[@CR2], [@CR35]--[@CR39]\], and patient-caregiver dyads \[[@CR40]--[@CR42]\]. Cronbach's alpha for the PCS was 0.77 for patients and 0.89 for caregivers; and the MCS was 0.81 for patients and 0.91 for caregivers.

### Socio-demographic and clinical characteristics {#Sec10}

We collected socio-demographic and clinical data to describe the sample characteristics. Occupation was identified by the Office of National Statistics (ONS 1998). The Carstairs index \[[@CR39]\], provided social deprivation categories based on the postcode region in Scotland. Scores range from 1 to 7, with higher categories indicating greater deprivation (i.e. lower socio-economic status). Diagnosis, revascularisation, left ventricular ejection fraction, cardiac history, co-morbidity (i.e. hypertension, diabetes), other cardiovascular disease risk factors and current medications were identified from the patient's clinical records.

### Statistical analysis {#Sec11}

Paired sample t-tests were used to examine differences in patients' illness perceptions (and caregivers' perceptions of the patient's illness), beliefs about CR and quality of life, compared within two dyad members at baseline and 6 months. For the second specific aim, longitudinal multi-level dyadic regression modelling, the Actor-Partner Inter-dependence Model (APIM) for distinguishable dyads was used \[[@CR43], [@CR44]\]. *Actor effects* refers to the impact of an individual's characteristics i.e., the patient's illness perceptions (and caregiver's perceptions of the patient's illness) and beliefs about CR at baseline on their own quality of life at 6 months, while we controlled for individuals' quality of life at baseline. *Partner effects* refers to the impact of an individual's characteristics i.e., then patient's illness perceptions (and caregiver's perceptions of the patient's illness) and beliefs about CR at baseline on his or her partner's quality of life at 6 months while controlling the quality of life at baseline.

For the dyadic analysis, all data were restructured to a pairwise dyadic data set. Grand-mean centred scores were created that were standardized using *z* scores to obtain unstandardized and standardized regression coefficients for the *actor* and *partner effects* \[[@CR43]\]. Thirteen separate APIM models were computed for the physical component score (PCS) and 13 APIM models were computed for the mental component score (MCS). Physical health (PCS) and mental health (MCS) at 6 months were regressed on baseline illness perceptions (B-IPQ, total score and 8 individual items) and beliefs about CR (4 sub-domains), controlling for baseline physical health (PCS) and mental health (MCS). All analyses were performed using SPSS version 21.0 for Windows, with *p* \< 0.05 indicating statistical significance.

Results {#Sec12}
=======

Recruitment {#Sec13}
-----------

Fifty-six patient-caregiver dyads consented to participate in the study and completed the questionnaires at baseline. At 6 months follow-up, 40 (71%) of these dyads completed the questionnaires so that only 40 dyads (= 80 individuals) were included in this study.

Characteristics of the participants {#Sec14}
-----------------------------------

Table [1](#Tab1){ref-type="table"} presents the socio-demographic and clinical characteristics of the participants. Most patients were men (70%) and the mean age was 62.45 years (SD = 7.84). Most caregivers were women (70%) and the mean age was 59.55 years (SD = 10.05). More than half the patients (52.5%) had a non-ST elevation myocardial infarction (NSTEMI) and 22.5% had a diagnosis of ST elevation myocardial infarction (STEMI) (Table [1](#Tab1){ref-type="table"}). Following their cardiac event and joint assessment by the nurse and physiotherapist patients commenced their exercise based CR classes between 3 and 5 weeks post discharge, 6 weeks if post-surgical patients. Table 1Patients and family caregivers characteristics (*n* = 40 dyads)CharacteristicsPatients (*n* = 40)Caregivers (*n* = 40)Age, years (mean, range)62.45 (45--78)59.55 (36--79)Males28 (70%)12 (30%)Marital status Married37 (92.5)-- Co-habilitating3 (7.5%)--Employment Employed20 (50%)24 (60%) Unemployed or retired20 (50%)16 (40%)Education, years (median, range)14.0 (7--30)14.7 (10--30)Social deprivation (SIMD) SIMD 1--210 (25%)-- SIMD 3--5, out of area30 (75%)--Diagnosis STEMI9 (22.5%)-- NSTEMI21 (52.5%)-- Unstable angina5 (12.5%)-- Stable angina5 (12.5%)-- Revascularisation Thrombolysis2 (5%)-- PCI32 (80%)-- CABG1 (2.5%)--Left ventricular ejection fraction  \> 50%21 (52.5%)-- 30--49% (mild-moderate impairment)17 (42.5%)--  \< 29% (severe impairment), or missing2 (5%)--Cardiac history PCI5 (12.5%)-- CABG3 (7.5%)-- Myocardial infarction4 (10%)--Co-morbid conditions Hypertension23 (57.5%)-- Diabetes mellitus2 (5%)--Other CVD risk factors Smoking16 (40%)--  Missing data10 (25%)-- Hypercholesterolaemia21 (52.5%)--  Missing data2 (5%)--Medications ACE/ARB22/3 (62.5%)-- Beta blocker29 (72.5%)-- Diuretics2 (5%)-- Antidepressants6 (15%)--*SIMD* Scottish Index of Multiple Deprivation, *STEMI* ST elevation myocardial infarction, *NSTEMI* non-ST elevation myocardial infarction, *ACE* angiotensin converting enzyme inhibitor, *ARB* angiotensin receptor blocker

Thirty patients (75%) and twenty-four caregivers (60%) completed questionnaires via the Bristol on-line survey and the remainder completed paper copies, as their preferred method.

Differences in perceptions of illness, beliefs about cardiac rehabilitation and quality of life {#Sec15}
-----------------------------------------------------------------------------------------------

Table [2](#Tab2){ref-type="table"} shows the patients' and caregivers' scores for illness perceptions, beliefs about CR and physical and mental health at time-point 1 (baseline) and time-point 2 (6 months). Caregivers had a significantly higher total score for B-IPQ than patients at 6 months follow-up (49.15 vs 29.43, *p* \< 0.001), indicating they had a more threatening (negative) view of the patient's illness. However, among 8 items of perceptions of the patient's illness, caregivers had higher scores only for illness concerns (B-IPQ, individual item) than patients at baseline (7.43 vs 5.65, p 0.003) and 6 months (6.33 vs 4.95, p 0.01). This indicated they were more concerned about the patient's illness than the patients themselves (Table [2](#Tab2){ref-type="table"}). The patients and caregivers BCR-Q scores for necessity, concerns about exercise, practical barriers and suitability were similar at baseline and 6 months follow-up (Table [2](#Tab2){ref-type="table"}). Given the possible range of scores, concerns about exercise, barriers to CR and perceived suitability were slightly lower (i.e. less positive), but the necessity scores were higher (i.e. more positive). Table [2](#Tab2){ref-type="table"} presents the physical health (PCS) and mental health (MCS) scores. The patients' physical health (PCS) was low at baseline and 6 months, indicating poor physical health; both the patients and caregivers had a sub-optimal level of mental health at baseline and 6 months. Additional information on illness perceptions, beliefs about CR and physical and mental health are shown in Table [2](#Tab2){ref-type="table"}. Table 2Comparison of perceptions of illness, beliefs about cardiac rehabilitation and quality of life (40 dyads)Illness perceptions:Time pointPatients\
Means (SD)Caregivers\
Means (SD)*p*-valueBeliefs about CR:Time pointPatients\
Means (SD)Caregivers\
Means (SD)p-valueConsequencesTP1TP24.53 (2.5)3.28 (2.6)5.45 (2.8)3.85 (3.1)0.0950.297NecessityTP1TP218.65 (2.4)18.65 (3.8)18.53 (2.5)18.78 (4.2)0.8140.887TimelineTP1TP27.18 (3.4)7.73 (3.1)6.65 (2.9)7.88 (3.2)0.3900.838Concerns exerciseTP1TP25.85 (2.5)5.85 (2.7)5.50 (2.3)5.63 (2.3)0.4860.649Personal controlTP1TP26.65 (2.1)6.75 (2.3)6.38 (2.7)6.38 (2.7)0.5690.469Practical barriersTP1TP24.58 (1.9)5.05 (2.1)4.38 (1.7)4.80 (2.4)0.5200.648Treatment controlTP1TP28.73 (1.5)8.25 (1.8)8.85 (1.4)8.38 (2.1)0.6440.739SuitabilityTP1TP23.65 (1.9)3.53 (1.5)3.70 (1.6)3.85 (1.7)0.9000.373IdentityTP1TP23.03 (2.4)2.73 (2.33.98 (2.4)3.08 (2.5)0.0820.406**Quality of life (SF-12)**Time pointPatientsMeans (SD)CaregiversMeans (SD)p-valueIllness concernTP1TP25.65 (2.9)4.95 (2.9)7.43 (2.3)6.33 (2.9)0.003\*\*0.010\*\*Physical health (PCS)TP1TP247.03 (8.2)48.50 (9.5)53.55 (9.4)54.20 (6.9)0.002\*\*0.001\*\*\*CoherenceTP1TP28.53 (1.5)8.23 (1.7)8.65 (1.8)8.50 (1.9)0.6770.501Mental health (MCS)TP1TP247.58 (8.8)48.68 (10.1)44.29 (14.6)47.14 (11.3)0.2680.576Emotional responseTP1TP23.98 (2.9)3.98 (2.9)5.10 (3.1)4.78 (3.1)0.1340.269B-IPQ (total score)TP1TP230.48 (11.9)29.43 (12.8)34.73 (9.9)49.15 (9.9)0.0770.001\*\*\**B-IPQ* Brief Illness Perception Questionnaire, *PCS* physical component score, *MCS* mental component score, *TP1* time-point 1 (baseline), *TP2* time-point 2 (6 months), *SD* standard deviation; *p* \< 0.05\*; *p* \< 0.01\*\*, *P* \< 0.001\*\*\*

Illness perceptions/beliefs about CR as predictors of quality of life in dyadic relationships {#Sec16}
---------------------------------------------------------------------------------------------

Results for the predictors of physical health (outcome) in patient-caregiver dyads are presented in Table [3](#Tab3){ref-type="table"}**.** For illness perceptions (B-IPQ), the patient's higher scores for coherence i.e. how well they felt they understand their illness at baseline significantly predicted their poorer physical health at 6 months (i.e. *actor effect)* (Table [3](#Tab3){ref-type="table"}, Fig. [1](#Fig1){ref-type="fig"}). Also, the patient's higher scores for practical barriers to CR at baseline significantly predicted their poorer physical health at 6 months (i.e. *actor effect*). There were no other statistically significant *actor effects* of baseline illness perceptions (B-IPQ) on the physical health of patients or caregivers at 6 months follow-up; and also no other *actor* or *partner effects* of baseline beliefs about CR (BCR-Q) on the physical health of patients or caregivers at 6 months (Table [3](#Tab3){ref-type="table"}). Table 3Illness perceptions and beliefs about cardiac rehabilitation as predictors of physical health outcome (APIM)EffectPatientsCaregiversEffectPatientsCaregivers**PCS outcome**Beta*tp*Beta*tp***PCS outcome**Beta*tp*Beta*tp***Illness perceptionsIllness perceptions**Total score:Consequences:Actor effect (B-IPQ)− 0.100− 0.9410.3500.0670.6360.527Actor effect (B-IPQ)− 0.341− 0.7080.4810.1090.2260.822Partner effect (B-IPQ)0.0080.0660.948− 0.008− 0.0670.947Partner effect (B-IPQ)− 0.339− 0.7840.435− 0.076− 0.1770.860Actor effect (PCS)0.0700.4310.6680.1711.0560.294Actor effect (PCS) 0.0860.5450.5870.1330.8410.403Partner effect (PCS)0.3272.4390.017\*0.3232.4070.018\*Partner effect (PCS)0.3442.4990.015\*0.3442.502  0.014\*Timeline:Personal control:Actor effect (B-IPQ)− 0.004−0.0140.989− 0.016− 0.0450.964Actor effect (B-IPQ)− 1.080− 1.9120.0590.6341.1230.265Partner effect (B-IPQ)0.2720.6220.5360.4100.9400.350Partner effect (B-IPQ)0.1030.2330.8160.4471.0090.316Actor effect (PCS)0.1300.8600.3920.1440.9500.345Actor effect (PCS)0.1110.7540.4530.1390.9440.348Partner effect (PCS)0.3552.5780.012\*0.3582.6010.011\*Partner effect (PCS)0.3552.6840.009\*0.3172.4030.019\*Treatment control:Identity:Actor effect (B-IPQ)0.6100.7420.4600.1430.1740.862Actor effect (B-IPQ)− 0.933− 1.8740.065− 0.534− 1.0730.286Partner effect (B-IPQ)− 0.247−0.2740.785− 0.059− 0.0660.948Partner effect (B-IPQ)0.0760.1450.8850.1250.2380.813Actor effect (PCS)0.1230.8070.4220.1400.9200.360Actor effect (PCS)0.0950.6010.5490.1230.7800.438Partner effect (PCS)0.3292.4640.016\*0.3332.4950.015\*Partner effect (PCS)0.3642.6870.009\*0.3792.7920.007\*Illness concern:Coherence:Actor effect (B-IPQ)0.2820.7220.473−0.750− 1.9130.059Actor effect (B-IPQ)− 1.612− 2.0110.048\*0.0600.0760.940Partner effect (B-IPQ)− 0.241− 0.4500.6540.1580.2950.769Partner effect (B-IPQ)− 0.463− 0.6380.5250.2770.3820.703Actor effect (PCS)0.1440.9110.3650.0880.5590.578Actor effect (PCS)0.1000.6750.5020.1270.8560.395Partner effect (PCS)0.3612.7790.007\*0.3042.3430.022\*Partner effect (PCS)0.3062 .2930.024\*0.3292.4680.016\*Emotional response:Actor effect (B-IPQ)0.1230.3070.759−0.602−1.4980.138Partner effect (B-IPQ)−0.116− 0.2820.778− 0.326− 0.7940.429Actor effect (PCS)0.0720.4670.6410.1380.8710.386Partner effect (PCS)0.3502.6740.009\*0.3062.3370.022\***Beliefs about CRBeliefs about CR**Necessity:Exercise concern:Actor effect (BCR-Q)− 0.256− 0.4870.628− 0.197−0.3750.709Actor effect (BCR-Q)− 0.174− 0.3060.7610.3920.6880.494Partner effect (BCR-Q)0.0570.1110.912− 0.100− 0.1950.845Partner effect BCR-Q)− 0.346− 0.5840.561− 0.773− 1.3020.197Actor effect (PCS)0.1180.7740.4410.1350.8870.378Actor effect (PCS)0.0200.1280.8980.1160.7160.476Partner effect (PCS)0.3242.4470.017\*0.3302.4950.015\*Partner effect (PCS)0.2861.9740.0520.3702.5510.013\*Practical barriers:Perceived suitability:Actor effect (BCR-Q)−1.295−2.1560.034\*− 0.065− 0.1090.914Actor effect (BCR-Q)− 0.130− 0.2120.833− 0.614− 0.9960.322Partner effect (BCR-Q)−0.433− 0.5580.5780.8731.1240.264Partner effect (BCR-Q)− 0.020− 0.0270.978−0.989− 1.3070.195Actor effect (PCS)0.1811.1960.2350.1220.8090.421Actor effect (PCS)0.1130.7540.4530.1460.9740.333Partner effect (PCS)0.3062.3320.022\*0.3122.3760.020\*Partner effect (PCS)0.2631.9450.0550.3032.2380.028\**APIM* Actor Partner Interdependence Model, *PCS* physical component score, *SF-12* Short-From 12 Health Survey, *B-IPQ* Brief Illness Perception Questionnaire, *BCR-Q* Beliefs about Cardiac Rehabilitation \*\**p* \< 0.001; \**p* \< 0.05Fig. 1Results for the *actor* and *partner* effects of patient coherence and caregiver's perception of patient's coherence on the patient's and caregiver's physical health (SF-12) at 6 months; APIM: Actor-Partner Interdependence Model. \**p* \< 0.05

For mental health (outcome), the patient's greater concerns about their illness and greater emotional effect (B-IPQ) predicted their poorer mental health at 6 months (i.e. *actor effects)* (Table [4](#Tab4){ref-type="table"}). In addition, the caregiver's higher score for treatment control i.e. whether they perceived the patient's treatment as helpful predicted their better mental health at 6 months (i.e. *actor effect)* (Table [4](#Tab4){ref-type="table"}). There were no other statistically significant *actor effects* of baseline illness perceptions (B-IPQ) on the mental health of patients or caregivers at 6 months follow-up; and also no *actor effects* of baseline beliefs about CR (BCR-Q) on the mental health of patients or caregivers at 6 months (Table [4](#Tab4){ref-type="table"}). Table 4Illness perceptions and beliefs about cardiac rehabilitation as predictors of mental health outcome (APIM)EffectPatientsCaregiversEffectPatientsCaregiversMCS outcomeBeta*tp*Beta*tp*MCS outcomeBeta*tp*Beta*tp***Illness perceptionsIllness perceptions**Total score:Consequences:Actor effect (B-IPQ)−0.105−0.8370.405−0.139−1.1040.273Actor effect (B-IPQ)1.0301.9870.0501.0782.0820.041\*Partner effect (B-IPQ)−0.255−1.8340.070−0.103− 0.7450.459Partner effect (B-IPQ)−0.338− 0.6850.495−0.681−1.3370.172Actor effect (MCS)0.7374.428\< 0.001\*\*− 0.284− 1.7080.092Actor effect (MCS)0.8715.550\< 0.001\*\*−0.140− 0.8920.375Partner effect (MCS)0.3774.103\< 0.001\*\*−0.143− 1.5530.124Partner effect (MCS)0.4535.006\< 0.001\*\*−0.093−1.0270.308Timeline:Personal control:Actor effect (B-IPQ)−0.129−0.3190.7500.0860.2120.832Actor effect (B-IPQ)1.2881.8800.0640.5580.8150.418Partner effect (B-IPQ)−1.010−2.0440.044\*− 0.917− 1.8570.067Partner effect (B-IPQ)0.4640.9090.3660.2580.5070.614Actor effect (MCS)0.7444.863\< 0.001\*\*− 0.228− 1.4940.137Actor effect (MCS)0.8845.690\< 0.001\*\*− 0.115− 0.7450.458Partner effect (MCS)0.4855.076\< 0.001\*\*− 0.644− 0.6740.502Partner effect (MCS)0.3763.885\< 0.001\*\*− 0.187− 1.9350.057Treatment control:Identity:Actor effect (B-IPQ)1.4091.6750.0983.2933.914\< 0.001\*\*Actor effect (B-IPQ)−0.788− 1.3800.171− 1.087− 1.9020.061Partner effect (B-IPQ)0.8120.8720.386− 0.655− 0.7040.483Partner effect (B-IPQ)− 0.167− 0.3040.762− 0.112− 0.2040.839Actor effect (MCS)0.8185.923\< 0.001\*\*− 0.134− 0.9740.333Actor effect (MCS)0.8525.383\< 0.001\*\*− 0.109− 06910.492Partner effect (MCS)0.3864.591\< 0.001\*\*− 0.144− 1.7190.089Partner effect (MCS)0.4144.549\< 0.001\*\*− 0.126− 1.3380.169Illness concern:Coherence:Actor effect (B-IPQ)− 0.973− 2.1640.034\*−0.238−0.5300.597Actor effect (B-IPQ)0.0480.0520.9591.8121.9580.054Partner effect (B-IPQ)− 1.356− 2.3600.021\*− 0.236− 0.4120.682Partner effect (B-IPQ)0.2480.2710.7870.2220.2420.809Actor effect (MCS)0.8025.474\< 0.011\*− 0.167− 1.1420.257Actor effect (MCS)0.8275.235\< 0.001\*\*− 0.124− 0.7870.434Partner effect (MCS)0.3914.232\< 0.001\*\*− 0.084− 0.9190.361Partner effect (MCS)0.3743.584\< 0.001\*\*− 0.136− 1.3100.194Emotional response:Actor effect (B-IPQ)−1.278− 2.8340.006\*\*−0.876− 1.9440.055Partner effect (B-IPQ)0.100− 0.2290.820− 0.409− 0.9320.354Actor effect (MCS)0.7374.8450.001\*\*− 0.197− 1.2980.198Partner effect (MCS)0.4475.016\< 0.001\*\*− 0.084− 0.9510.344**Beliefs about CRBeliefs about CR**Necessity:Exercise concern:Actor effect (BCR-Q)−0.655−1.0660.2901.1271.8330.071Actor effect (BCR-Q)−0.809−1.2120.2290.8111.2140.228Partner effect (BCR-Q)0.2950.5120.6100.2820.4890.626Partner effect BCR-Q)−0.674−1.0060.317−0.427− 0.6380.525Actor effect (MCS)0.7704.864\< 0.001\*\*− 0.054−0.3450.731Actor effect (MCS)0.7194.158\< 0.001\*\*− 0.056−0.3270.745Partner effect (MCS)− 0.116− 1.2790.2050.4134.545\< 0.001\*\*Partner effect (MCS)−0.117− 1.2480.2160.3894.133\< 0.001\*\*Practical barriers:Perceived suitability:Actor effect (BCR-Q)−1.150−1.5750.119−0.464−0.6360.527Actor effect (BCR-Q)− 0.184−0.2550.800−0.108− 0.1800.881Partner effect BCR-Q)−1.649− 1.9070.060−0.385− 0.4460.657Partner effect (BCR-Q)−0.267− 0.2930.770−0.016− 0.0180.986Actor effect (MCS)0.7534.704\< 0.001\*\*− 0.141−0.8820.380Actor effect (MCS)0.8125.140\< 0.001\*\*− 0.166−1.0520.296Partner effect (MCS)−0.886− 0.9630.3380.4424.802\< 0.001\*\*Partner effect (MCS)−0.118− 1.1680.2470.4324.265\< 0.001\*\**APIM* Actor Partner Interdependence Model, *MCS* mental component score, *SF-12* Short-From 12 Health Survey, *B-IPQ* Brief Illness Perception Questionnaire, *BCR-Q* Beliefs about Cardiac Rehabilitation \*\**p* \< 0.001; \**p* \< 0.05

There was a statistically significant *partner effect* of timeline (B-IPQ) on the mental health (outcome) of caregivers. This indicated that the patient's higher score for timeline i.e. greater duration of illness predicted the caregiver's poorer mental health at 6 months follow-up (Table [4](#Tab4){ref-type="table"}). Also, the patient's higher score for illness concerns (B-IPQ) i.e. greater concerns about illness predicted the caregiver's poorer mental health at 6 months *(*i.e. *partner effect)* (Table [4](#Tab4){ref-type="table"}, Fig. [2](#Fig2){ref-type="fig"}). No other statistically significant *partner effects* were found for the individual's (i.e., the patient's and caregiver's) illness perceptions at baseline impacting his or her partner's mental health at 6 months follow-up; and also no *partner effects* of baseline beliefs about CR (BCR-Q) on the mental health of patients and caregivers at 6 months follow-up (Table [4](#Tab4){ref-type="table"}). Fig. 2Results for the *actor* and *partner* effects of patient's illness concern and caregiver's concern about patient's illness on the patient's and caregiver's mental health (SF-12) at 6 months; APIM: Actor-Partner Interdependence Model. \**p* \< 0.05; \*\* *p* \< 0.001

There were however statistically significant *partner effects* of the patients' and caregivers' baseline physical health on the physical health (outcome) of the dyad at 6 months (Table [3](#Tab3){ref-type="table"}). Also, there were statistically significant *actor and partner effects* of the patients' baseline mental health on the mental health (outcome) of the dyads at 6 months (Table [4](#Tab4){ref-type="table"}).

Discussion {#Sec17}
==========

To our knowledge this is the first study to conduct longitudinal dyadic analysis with the aim of understanding the relationships between patients' illness perceptions (and caregivers' perceptions of the patient's illness) and beliefs about CR upon entry to a CR programme and perceived physical and mental health (outcomes) at 6 months follow-up. Prior research has assessed patients' illness perceptions (B-IPQ) \[[@CR11], [@CR25]\], and spouse's perceptions of the patient's illness \[[@CR28]\], though data were not analysed using the APIM and different outcomes were evaluated. Further, while patients' beliefs about CR and the relationship between such beliefs and CR attendance have been explored \[[@CR29], [@CR45]\], caregivers' beliefs about CR using the BCR-Q have not been examined. Thus, the present study extends the body of knowledge on illness perceptions and beliefs about CR on the physical and mental health (outcomes) of CAD patient-caregiver dyads, using the APIM. Previous studies with cardiac patient-caregiver dyads have mostly employed the APIM to examine cross-sectional data \[[@CR40]--[@CR42], [@CR46], [@CR47]\], which meant that the direction of causality of associations could not be determined.

The first aim of the study was to assess differences in illness perceptions, beliefs about CR and physical and mental health between patients with CAD and their family caregivers upon entry to a CR program and 6 months later. We found that the caregivers had significantly higher scores for illness concerns (individual item, B-IPQ) at baseline and 6 months than the patients, suggesting they perceived a more threatening (negative) view of the patient's illness. Prior research has highlighted the experience of a heart attack can be more distressing for patients' relatives than for the patients themselves \[[@CR48]\]. The other patient and caregiver B-IPQ (individual items), however, were not statistically significantly different. Overall, the patients' mean scores for illness perceptions (B-IPQ) were similar to those of Broadbent et al. \[[@CR25]\]. For caregivers, the mean scores for consequences, identity and coherence (B-IPQ) (individual items) were higher than those observed by Broadbent et al. \[[@CR28]\], suggesting they perceived a greater impact of the illness on the patient's life and more severe symptoms, but better coherence. Our finding for overall similarity in the patients' and caregivers' illness perceptions (individual items, B-IPQ) is consistent with prior research \[[@CR49]--[@CR51]\]. One explanation for this similarity may lie with its links to the theory of self-regulation which argues that the beliefs individuals hold about their illness and treatment are central to how they evaluate the effect of the illness on their lives \[[@CR52], [@CR53]\].

Our results for differences in the total scores for the B-IPQ indicate that the caregivers had higher scores than the patients at 6 months. The patients' B-IPQ (total score) at baseline was comparable with those of Blair et al. \[[@CR5]\], for attenders at CR. Several studies have examined the relationship between patients' illness perceptions and behavioural outcomes, including attendance at CR \[[@CR26], [@CR30], [@CR54]\], illness perceptions and quality of life \[[@CR15], [@CR25], [@CR55]--[@CR58]\], and whether an illness perception intervention reduces anxiety in spouses of MI patients \[[@CR11], [@CR28]\]. However, there remains a paucity of evidence on illness perceptions and physical and mental health (outcomes) in CAD patient-caregiver dyads.

For beliefs about CR (BCR-Q), there were no statistically significant differences between the patients and caregivers for necessity, exercise concerns, practical barriers or perceived suitability. Other investigators have examined patients' beliefs about CR using the BCR-Q, alongside illness perceptions to predict attendance at CR but only necessity was really discussed \[[@CR59]\]. Earlier research by Cooper et al. \[[@CR45]\], identified that necessity and perceived suitability were positively related to CR attendance whilst practical barriers and concerns about exercise were associated with poorer attendance, however physical and mental health outcomes were not identified. Our results suggest there is still room for improvement in the patients' and caregiver's beliefs about CR. If patients do not believe in the benefits of CR they may be less likely continue participating \[[@CR15], [@CR29]\]. Therefore, incorrect beliefs about CR need to be targeted as soon as possible as part of the CR process and physical and mental health (outcomes) examined. Compared to Cooper et al. \[[@CR29]\], the patients' scores for concerns about exercise, barriers to CR and perceived suitability were lower (i.e. less positive) but higher (i.e. more positive) for necessity. For caregivers, no previous studies were found that used the BCR-Q for comparison of our results.

Our results for differences in mental health (outcomes) between the patients and caregivers revealed their scores were similar; a finding which is consistent with prior research \[[@CR40], [@CR60], [@CR61]\]. The EUROACTION study also showed that couples often share similar ratings of health-related quality of life \[[@CR49]\]. Our patients' physical health was poorer at baseline and 6 months, compared to the caregivers and it remained below the population average of 50 at 6 months \[[@CR62], [@CR63]\]. This poorer physical health in patients may be attributed to their initial physical limitation and angina symptoms although one would expect this to improve with CR \[[@CR1], [@CR64]\]. Our patients' CR programme lasted 12 weeks; it may be that their physical health improved during CR but deteriorated again on completion of the programme \[[@CR65]\]. Several models of cardiac rehabilitation have been identified in the literature with various compliance rates. These appear particularly low for older adults. However, recently Campo et al. reported an early, low cost model with very promising results in terms of physical performance after myocardial infarction and quality of life \[[@CR66], [@CR67]\]. Our findings for caregivers are consistent with Ebbesen et al. \[[@CR68]\], who identified that caregivers often have poor emotional and physical health-related quality of life. This is important to identify because if the caregivers' health is poor this may be detrimental to patient's health and recovery \[[@CR60]\].

The second aim of the study was to examine whether the patient's illness perceptions (and caregiver's perceptions of the patient's illness) and beliefs about CR at baseline predicted their own and their partner's physical and mental health (outcomes) at 6 months follow-up. Our results revealed that the patients' physical health at 6 months was predicted by their level of coherence (B-IPQ) and practical barriers to CR (BCR-Q) upon entry to a CR programme (i.e. *actor effects*). Consistent with our findings, other studies have found a positive correlation between coherence and physical health but in simple regression \[[@CR15]\]. Consistent with Cooper et al. \[[@CR29], [@CR45]\], and Herber et al. \[[@CR69]\], we identified that the patients' perceived significant barriers to CR, but quality of life was not assessed in these studies. We identified the patient's perceptions of control (B-IPQ) did not significantly predict their physical health (i.e. *no actor effect*), a finding which is similar to Janssen et al. \[[@CR15]\], who found no relation between perceptions of control and physical health. For caregivers, level of coherence did not significantly predict their physical health (i.e. no *actor effect*). This finding is contrary to Broadbent et al. \[[@CR28]\], however, they did not analyse dyadic data using the APIM. Several other studies have examined illness perceptions and quality of life in CAD but only patients' quality of life was assessed \[[@CR15], [@CR26], [@CR27], [@CR55], [@CR58]\].

Our results revealed there were no statistically significant *partner effects* of illness perceptions and beliefs about CR on physical health i.e. the patient's illness perceptions and beliefs about CR did not predict their partner's (i.e. the caregiver's) physical health (outcome) at 6 months. Similarly, the caregiver's perception of the patient's illness and beliefs about CR did not predict their partner's (i.e. the patient's) physical health (outcome) at 6 months (no *partner effects*). Prior longitudinal research with cancer patient-caregiver dyads has similarly shown negative findings for predictors of physical health (outcomes) \[[@CR70]\]. A noteworthy finding in our research was that both the patients' and caregivers' physical health at baseline impacted negatively on the physical health of the dyad at 6 months. No longitudinal studies of cardiac patients-caregiver dyads were found for comparison of our results.

The results revealed that the patient's poorer mental health (outcome) at 6 months was predicted by their greater concerns about illness and emotional response (B-IPQ) upon entry to a CR programme (i.e. *actor effects*). These associations between illness concerns and emotional response have been found in prior research \[[@CR15], [@CR25]\], and meta-analysis of the B-IPQ \[[@CR56]\]. It was a surprise finding the patient's beliefs about CR (BCR-Q) did not significantly predict their mental health (outcome) at 6 months (i.e. no *actor effects*). Evidence from meta-analyses of randomised controlled trials show that CR programmes facilitate physical and psychological recovery following acute cardiac events \[[@CR1], [@CR64]\]. Our dyadic analysis revealed statistically significant *actor effects* of the caregiver's baseline perceptions of treatment control and consequences of illness (B-IPQ) on their mental health at 6 months. These results highlight the potential benefits of promoting positive illness perceptions on the mental health (outcomes) of caregivers.

Our results showed there were statistically significant *partner effects* of timeline and illness concern on the mental health (outcomes) of caregivers i.e. patient's higher scores for timeline (greater duration of illness) and greater illness concern significantly predicted the caregiver's poorer mental health at 6 months. This suggests the caregiver's mental health may be particularly vulnerable to the illness perceptions of their partner's i.e. the patient. No APIM studies of illness perception in CAD patient-caregiver dyads were found for comparison of our results. Previous cross-sectional studies using the APIM have shown *partner effects* of self-esteem and optimism on depressive symptoms of spousal caregivers \[[@CR46]\], and a *partner effect* of informational/emotional support on the mental health of caregivers/partners \[[@CR42]\]. In addition, in this study we identified the patients' mental health at baseline impacted on the mental health of the dyad at 6 months i.e. significant *actor* and *partner effects*. Prior longitudinal research with cancer patient-caregiver dyads has shown a *partner effect* of mental health i.e. the patients' mental health at 6 months was associated with the caregiver's mental health at 3 months \[[@CR70]\].

Strengths and limitations {#Sec18}
-------------------------

There are strengths and limitations to the study. Firstly, this was a relatively small sample of patients and caregivers recruited from one CR centre. We did not have enough information on the non-respondents to decide whether they would have differed in terms of outcome from the rest of the sample or not. Nevertheless, the study aimed to be representative of the wider UK CR population as patients were selected from a standard hospital-based CR service. We requested that caregivers and patients completed the questionnaire separately from each other. The researcher had no way of ensuring that the caregiver did not discuss their answers with the patient. This may be considered a limitation of the study. Strengths of the study lie in its recruitment of patient-caregiver dyads, in its longitudinal design and in the selection of antecedent variables i.e. illness perceptions and beliefs about CR that to our knowledge have not been used before in dyadic analysis (using the APIM), to predict patients and caregivers physical and mental health outcomes. Secondly, we collected data at two time points i.e. upon initial attendance at the CR program (baseline) and at 6 months follow-up. The inclusion of 3 or more follow-up times may have been useful in identifying the patterns of change overtime. This was not feasible given our small sample size and potential for dropouts. Thirdly, we did not include causal attributions as part of the dyadic analysis but we computed both the B-IPQ (total scores) and individual items. This is important because summing items may lose information about the perceptions most strongly linked to outcomes \[[@CR56]\].

Implications for practice {#Sec19}
-------------------------

There are several implications resulting from the study findings. Firstly, because the patient's perceived timeline and illness concerns (B-IPQ) at baseline predicted the caregiver's poorer mental health at 6 months these particular illness perceptions need to be explored early i.e. possibly on the first hospital visit from the CR specialist to promote caregivers' better mental health and enable their ongoing support of the patient. Secondly, the patient's negative illness concerns and greater emotional response (B-IPQ) at baseline predicted their poorer mental health at 6 months. This highlights the need to further explore with the patient their specific illness concerns and to provide emotional support early in the rehabilitation process. More research is needed to replicate our study findings and to decipher which illness perceptions and beliefs about CR have more influence on the individual and the dyad over time and to target these appropriately. Fourthly, intervention design should include caregivers, addressing their specific beliefs and concerns. Although CR programmes often include caregivers in educational sessions, they receive less information than patients and the focus is often on improving patient outcomes. More longitudinal research is needed with a larger sample of patient-caregiver dyads in CAD to explore interpersonal relationships and dyadic outcomes.

Conclusions {#Sec20}
===========

Overall, the patients and caregivers in this study had similar scores for illness perceptions and beliefs about CR which prevailed over time. The patient's perceptions of timeline and illness concern (B IPQ) upon entry to a CR programme are especially important for they predicted the mental health of the caregiver at 6 months (i.e. *partner effects*). The patient's illness perceptions (and caregiver's perception of the patient's illness) and beliefs about CR at baseline predicted their own physical and mental health (outcomes) at 6 months (i.e. *actor effects*). Both the patients' and caregiver's negative illness perceptions and beliefs about CR need to be addressed early as part of CR to help improve physical and mental health (outcomes) at 6 months. Interventions need to be tested that focus on specific illness perceptions and beliefs about CR, targeting both the individual and the dyad, to help improve patient and caregiver physical and mental health outcomes.

CR

:   Cardiac rehabilitation

B-IPQ

:   Brief Illness Perception questionnaire

BCR-Q

:   Beliefs about Cardiac Rehabilitation questionnaire

Dyads

:   Patient-caregiver pairs

APIM

:   Actor--Partner Interdependence Model
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:   Coronary artery disease

SF-12v2

:   Short-Form 12 Health Survey
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:   Physical component score

MCS

:   Mental component score
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:   Left ventricular ejection fraction
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:   Statistical Package for Social Scientists
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:   Non-ST elevation myocardial infarction
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